Objective: Coronary slow flow (CSF) phenomenon is described by angiographically normal coronary arteries with delayed opacification of the distal vasculature. Several studies have suggested that the interval from the peak to the end of the electrocardiographic T wave (Tp-Te) may correspond to the transmural dispersion of the repolarization and that increased Tp-Te interval and Tp-Te/QT ratio are associated with malignant ventricular arrhythmias. The aim of this study was to evaluate the ventricular repolarization by using Tp-Te interval and Tp-Te/QT ratio in patients with CSF.
Introduction
Coronary slow flow (CSF) is characterized by delayed opacification of the coronary arteries in the absence of obstructive coronary artery disease (CAD) in coronary angiography [1] .
Several mechanisms have been proposed for the aetiology of CSF, including microvascular and endothelial dysfunction, small vessel disease, diffuse atherosclerosis and inflammation. However, its etiopathogenesis is still not clear [2, 3] . Coronary atherosclerosis, disturbed microvasculariza-tion functions, and endothelial dysfunction were reported to be closely related to CSF [4, 5] . It was shown that there is significant relationship between inflammatory markers and coronary flow rate [6, 7] .
This phenomenon has been associated with the increased risk of ventricular arrhythmias and sudden cardiac death. Impaired myocardial blood flow in CSF may cause fatal cardiac arrhythmias by bringing about electrical abnormalities during ventricular repolarization [8] .
Myocardial repolarization has been evaluated by various methods including QT dispersion (QTd), corrected QT dispersion (cQTd), and transmural dispersion of repolarization. Recent studies indicated that T wave peak to T wave end (Tp-Te) interval, which is the interval between the peak and the end of T wave on electrocardiogram (ECG), can be used as an index of total (transmural, apico-basal, and global) dispersion of repolarization [9] [10] [11] . Also, increased Tp-Te interval might be a useful index to predict ventricular tachyarrhythmia and cardiovascular mortality [12] [13] [14] [15] . Recently, a new index, the Tp-Te/QT ratio has been suggested to be a more accurate measure for the dispersion of ventricular repolarization compared to QTd, cQTd, and Tp-Te intervals which are independent of alterations in heart rate [16, 17] . The novel repolarization indexes Tp-Te interval and Tp-Te/QT ratio, is not studied in these patients before.
The aim of this study was to evaluate the repolarization dispersion measured from the 12-lead surface electrocardiogram (including Tp-Te interval and Tp-Te/QT ratio) in patients with CSF.
Materials and Methods

Patients
The study group included 50 patients (40 male, mean age 48.6±12.5 years) with isolated CSF without any stenotic lesions under visual assessment. The control group consisted of 40 ageand gender-matched subjects (23 male, mean age 47.8±12.5 years) who proved to have normal coronary angiograms. The study was approved by the Institutional Ethics Committee, and written consent was obtained from all patients.
The indication for the coronary angiography was either the presence of typical angina or positive or equivocal results of noninvasive screening tests for myocardial ischemia in both groups.
Physical examination, medical history of patients, blood biochemistry and transthoracic echocardiographic examination were evaluated in both groups to exclude systemic diseases. Patients with obstructive coronary artery disease (who had coronary stenotic lesions of >20%), chronic renal failure, any stage of hypertension, left ventricle hypertrophy, chronic liver disorders, chronic lung disease, moderate or severe valvular disease, atrial fibrillation, bundle branch block or evidence of any other intraventricular conduction defect, prior pacemaker implantation, congenital heart disease, left ventricular systolic dysfunction on echocardiography (EF<50%), obstructive sleep apnoea, thyroid dysfunction are excluded from the study.
Coronary Angiography
Coronary angiograms were performed with a femoral approach using the Judkins technique without the use of nitro-glycerine, adenosine, or a calcium channel blocker. All patients in the study population underwent elective coronary artery angiography using Siemens Axiom Artis DFC (Siemens Medical Solutions, Erlangen, Germany) following appropriate patient preparation. Coronary angiograms were judged with regard to smooth appearance, luminal wall irregularities, epicardial local or diffuse calibre reduction, and stenosis.
Coronary arteries were demonstrated at least four views of the left coronary system using 6 French left coronary catheters and two views of the right coronary artery using 6 French right coronary catheters by 15 fps rate in the same cardiac catheterisation laboratory. Coronary blood flow was measured quantitatively using the thrombolysis in myocardial infarction frame count (TFC). Initial frame count is defined as the frame in which concentrated dye occupies the full width of proximal coronary artery lumen, touching both borders of the lumen, and forward motion down the artery. The final frame is designated when the leading edge of the contrast column initially arrives at the distal end. Distal end was defined as distal bifurcation for the left anterior descending (LAD) artery, the distal bifurcation of the segment with the longest total distance for the circumflex artery (CX), and the first branch of the posterolateral artery for the right coronary artery (RCA). LAD coronary artery is usually longer than the other major coronary arteries; the TFC for this vessel is often higher. To obtain corrected TFC for LAD coronary artery, TFC was divided by 1.7. The mean TFC for each patient and control subject was calculated by adding the TFC to LAD, CX and RCA and then dividing the obtained value into three. Due to different durations required for normal visualisation of the coronary arteries, the corrected cut-off values were 36.28±2.6 frames for LAD, 22.28±4.1 frames for CX, and 20.48±3 frames for RCA, as has been reported earlier in the literature [18] . All participants with a TFC greater than the two standard deviations of the previously published range for the particular vessel were considered to have SCF. Any values obtained above these thresholds in one of three coronary arteries (not all three) were considered to be SCF in our study. Coronary angiograms and TFC were analysed by two experienced interventional cardiologists blinded to the clinical status and laboratory measurements of the subjects.
Measurement of Tp-Te, QT and QRS Intervals from the 12-Lead ECG
All ECGs were scanned. T wave peak to end interval (Tp-Te), QT and corrected QT intervals and some other ECG intervals were measured by an engineer with a computer program. By using a ruler, Vernier calliper or any other manual measuring tool; getting measurements off from the ECG papers could be either inaccurate or slow. Therefore ECG papers were scanned and this made it possible to gather the measurements in the digital environment. These measurements are done by a program which is generated with MATLAB (MathWorks, Natick, Massachusetts, U.S.A.) codes that written by an engineer. These codes are based on image manipulation principles.
Image manipulation method could be divided into three subdivisions: image processing, image analysis and image understanding. Image analysis is the technique that should be used to gather measurement data from ECG. Running the written code imports the image file first and then, by choice, allows user to pick points that need to be picked to get measurements or generates a matrix that consists of a dedicated numeric value of each pixel's colour. Creating a matrix gives user the flexibility of using functions which are predefined by the program. In spite of this, hand picking is easier and has a simple interface especially for beginner level users. Algorithms are developed and used to get excellent measurements in order to tolerate differences: such as tilting during scanning process, different scanning resolutions and using different ECG.
Statistical Analysis SPSS 16.0 statistical program (SPSS Inc.; Chicago, IL, USA) was used for the statistical study. All values are given as mean±standard deviation. Mean values of continuous variables were compared between the groups using the Student t test or Mann-Whitney U test, according to whether normally distributed or not, as tested by the Kolmogorov-Smirnov test. In order to define the relationship between CSF and possible confounding factors, logistic regression analysis was used. A P value of less than 0.05 was considered significant.
Results
Evaluating the basic clinical and demographic characteristics, there was no statistically significant difference between the two groups in terms of age, gender distribution, body mass index, and smoking status and biochemical parameters except dyslipidaemia and HDL-cholesterol level ( Table 1) .
The TFC for all the epicardial coronary arteries, and the mean TFC, were significantly higher in the SCF group than the control group. Mean TFC of all patients with SCF was higher than that in the control group (Table 2) .
Electrocardiographic parameters of the groups are shown in Table 3 . QT and corrected QT were similar in CSF patients compared to the controls (357±35. 
Discussion
The present study showed that Tp-Te interval and Tp-Te/ QT ratio were prolonged in patients with CSF when compared to the control group.
The pathophysiology of CSF has not been clearly identified yet, although multiple abnormalities including inflammation, oxidative stress, endothelial dysfunction, vasculitis, platelet function disorder and atherothrombosis have been reported [19] . Increased cardiovascular morbidity and mortality have been demonstrated in patients with CSF in previous studies [8] .
Recently, the Tp-Te interval and Tp-Te/QT ratio have emerged as a novel electrocardiographic markers of increased dispersion of ventricular repolarization [10, 17] . Also, these markers may be used as an electrocardiographic index of ventricular arrhythmogenesis and sudden cardiac death [10, 12] . Previous studies showed that prolongation of Tp-Te interval was associated with increased mortality in Brugada syndrome, long QT syndrome, hypertrophic cardiomyopathy, and in patients myocardial infarction [12, 14, 20] .
Recently Demir et al. [21, 22] demonstrated that Tp-Te/ QT ratio was significantly higher in patients with non-dipper hypertension and chronic hepatitis B.
As far as we know, there is no study available in the literature about the association between CSF and Tp-Te interval and Tp-Te/QT ratio. Kosus et al. [23] settled the data showing an increase in sympathetic tonus and decrease in vagal tonus by analysing the 24 hours Holter records in patients with SCF. Also, Yazıcı et al. [24] found higher noradrenalin and adrenalin levels in patients with SCF and suggested that increased adrenergic activity might be the manifestation of slow coronary flow. Thus, changes in autonomic neural tone may be another reason for the increase of Tp-Te interval and Tp-Te/QT ratio in patients with CSF.
Acar et al. [25] have recently found that electrocardiographic ventricular repolarization indexes are correlated with systemic inflammation. Li et al. [26] showed that the plasma concentration of inflammation markers such as high-sensitivity C-reactive protein and interleukin-6 were increased and positively correlated with TFCs in CSF patients. Recently Demir et al. [27] revealed a relationship between lower serum bilirubin concentration and CSF, because bilirubin is an important and potent endogenous antioxidant and an anti-inflammatory agent.
Inflammation may be an explanation of heterogeneity of ventricular repolarization in CSF patient but needs further investigation.
When two groups were compared in our study, QTd, Tp-Te interval and Tp-Te/QT ratio of the patients CSF were significantly higher than the control groups.
Further studies are required to determine the relation between Tp-Te interval and Tp-Te/QT ratio and ventricular arrhythmia and CSF.
We have shown for the first time that patients with CSF have higher Tp-Te interval and Tp-Te/QT ratio were compared to controls.
In conclusion, the measurement of Tp-Te interval and Tp-Te/ QT ratio may be used to indicate the increased risk of CSFrelated adverse cardiovascular events. According to current study findings, the risk of development of ventricular arrhythmia might be increased in CSF due to myocardial voltage gradients resulting from the heterogeneity of repolarization.
Limitations
The most important restriction of our study is the limited number of patients. Another limitation angiographic diagnosis of normal coronary arteries was based on axial contrast angiograms of the vessel lumen, which underestimates the presence of atherosclerotic plaques. Another limitation is that we did not assess the association between ventricular arrhythmias with Tp-Te interval and Tp-Te/QT ratio. Also study population could not be followed-up prospectively for ventricular arrhythmic episodes. Large-scale prospective studies are needed to determine the predictive value of prolonged Tp-Te interval and increased Tp-Te/QT ratio in this population. Our results may contribute to pathophysiological mechanisms of the increased prevalence of ventricular arrhythmias and cardiovascular mortality risk by indicating increased ventricular repolarization heterogeneity in these patients. The increased te frequency of ventricular arrhythmia and sudden cardiac death might be explained with prolonged transmural dispersion in non-dipper patients.
In conclusion our study revealed that Tp-Te interval and Tp-Te/QT ratio were increased in CSF patients. Tp-Te interval and Tp-Te/QT ratio might be a useful marker of cardiovascular morbidity and mortality due to ventricular arrhythmias in patients with CSF. 
